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Experimental Assessment of Filter-Core Compatibility of 
Embankment Dams
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CEF 1 No Erosion (<10g) Perfect 0 No Erosion 0
CEF 2 No Erosion (<10g) Construction 0 No Erosion 0
CEF 3 Some Erosion (<100g) Adverse 3.25 No Erosion 16
CEF 4* Some Erosion (<100g) Adverse 0 No Erosion 0
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Embankment dams are a critical part of global infrastructure due to communities’
reliance on dams utilised for agriculture, power generation, flood mitigation and water
reticulation. Internal erosion of embankment dams presents a key risk to the
management of aging embankment dams constructed prior to the introduction of
modern filter design criteria. The high seismicity and complex geology of New
Zealand provides an additional unknown risk.

An important factor in internal erosion is the filter-core interface behaviour, which can
be physically modelled using continuing erosion filter (CEF) testing as developed by
Foster and Fell (1999). This study completed CEF testing on a glacial till core material
from the borrow of a High Potential Impact Classification dam (Dam C) in the South
Island of New Zealand. Methods of applying seismic load during CEF testing were
also investigated.

• Three plausible field-informed interfacing scenarios corresponding to Dam C
were CEF tested and found to be stable in this configuration.

• In general, the filter scenarios behaved as expected based on the categories
defined by Foster and Fell (1999(

• A piston was chosen to approximate seismic effects as sufficient accelerations
could not be produced through impact or vibration methods. Little change to the
overall filter stability of the most vulnerable filter was observed during testing.

• Further testing is required to address the limitations observed with CEF testing,
such as small sample size, material variability, and lack of understanding of long
term CEF testing.
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A glacial till, sourced from a core borrow for Dam C, was used to construct the core
for all CEF tests. Particles greater than 4.75 mm were replaced with an equivalent
mass of fine gravel.

Three interfacing filter-core
cases were considered:

(1): A ‘perfect’ filter 
determined using FEMA 
(2011) guidelines. 

(2): The construction filter 
grading for Dam C.  

(3): A foundation soil 
selected as a plausible 
adverse scenario, 
restricted to 53 mm.

Representative cross-section of an embankment dam.

Materials used in CEF testing.

Preformed Hole

Compacted Filter

Water (Mains Pressure)

Compacted Core

Drainage Gravels

240 mm Internal Diameter

4 mm

Discharged Water 
and Core Material

Example of the Continuous Erosion Filter test apparatus and materials.

Predicted and observed erosion behaviour during CEF testing

*Only considering the portion of the test prior to the application of seismic loading

Flow rate and rate of mass loss during 
CEF 3 

Erosion loss with respect to filter and core 
properties (Modified from Foster and Fell (1999)) 

• CEF 1 and 2 performed as predicted with no erosion.

• CEF 3 and 4 showed less erosion than expected, resulting in classification as no
erosion. This is reasonable when assessed against the full range of experimental
results from Foster and Fell (1999).

• CEF 3 took longer to seal and had higher mass loss than CEF 4. This is likely due
to segregation and preferential placement of fines during test preparation,
altering the relationship of the filter and core at the interface.

• The tests completed indicate that the materials at Dam C are stable in the CEF
configuration for the three filter scenarios presented. However, only a small
number of tests were completed and more critical scenarios may exist on site.

Piston used during 
testing.

• The seismic tests (CEF 4 and 5) were completed using the adverse filter scenario,
as this was the most vulnerable filter. The results of CEF 5 are not provided here
as it was completed to confirm the findings of CEF 4.

• Flow breakthrough occurred at
60 minutes

• Minor increase in mass loss when
impact loading

• Total core mass loss of 1.87 g,
No Erosion

• Changes in water pressure
resulted in erosion of the core

From these results:
• Flow breakthrough during Test 4

was likely due to the development
of long-term seepage due to the
duration of the test. It is unlikely
this was induced by loading, as

Summary of flow rate, mass loss and loading 
during CEF 4

the discharged water was relatively clear, indicating minimal core erosion.
• The efficacy of the piston in approximating the effects of seismic loading could

not be determined. It is possible that the piston was unable to open, preventing
deformation; or was unable to further deform the filter upon further attempts.

• The increased mass loss when hitting the chamber appeared to correspond to
material lost from the filter, and not the result of core erosion.

• This investigation into the use of a piston to apply seismic loading to the filter-
core interface was preliminary, and further development is required to assess the
behaviour of the interface under seismic loading.

• CEF tests consist of a small-scale physical model of the filter and core within a
rigid cell, with a preformed hole through the core to model a defect. Mains water
pressure is then applied, and the erosion and sealing behaviour observed.

• Foster and Fell (1999) defined four erosion categories used to categorise erosion
relative to filter and core properties. These were No Erosion (NE), Some Erosion
(SE), Excessive Erosion (EE) and Continuing Erosion (CE)

• Static testing was completed using a procedure modified from Foster & Fell (1999)
and the apparatus shown.

• Three static tests and two tests with an additional seismic component were
completed in addition to a commissioning test. Sealing behaviour was analysed
through pressure, flow rate, and mass of lost core material.

• The erosion category was predicted prior to each test using the boundaries
developed by Foster and Fell (1999).

• Due to the large acceleration required to induce seismic
effects, external application of impact and vibration loads
was not suitable.

• A piston was selected, compacted within the filter to deform
the soil, creating instability within the filter and potentially
disrupting the interface. During testing, pulse loads were
applied while varying the pressure of the water supply as
shown in the loading regime below.

Seal Formed

Flow Breakthrough


